Acoustic and aerodynamic performance investigation of inverted velocity profile coannular plug nozzles, comprehensive data report, volume 2 by Knott, P. R. et al.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19790018714 2020-03-21T22:47:53+00:00Z
NASA
CR-159575 Vol, IIk
h1r.
ACOUSTIC AND AERODYNAMIC PERFORMANCE
IN'VESTIGATION OF INVERTED VROCiTY
PROFILE . COANNULAR PLUG NOZZLES_
Comprehens ive Data Report
VOLUME 1 1
P. R. Knott
J.T.	 B1ozy
P. S.	 Staid
GENERAL ELECTRIC COMPANY
_, f	 r	 14 g SA-CR-159575-V'01 2)
	 ACCUSTIC AND
__	 ......:
N79- 26885AERO:E}YEVAIIIC .PERFORMANCE I.NVESTIGATICN O.F
INVERTED VELOCITY PROFILE CCANNEILAR PLUG
	 }A(^	 lh^^
NO2ZLES,	 C OMPREE'ENSIVE DATA REPORT, VOLUME 2
Final report
	 (General Electric Co.)
	 523
Pnclas
p G3/71 2785E
i	 rtt
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 	 r	 ^",^,
LEWIS RESEARCH CENTER
21000 BROOKPARK RO,'D rr7'
_ CLEVELAND, OHIO	 4,035
j?a	 ^	 ssu +	 ^?^
- NASA CONTRACT: NAS3-19777` °''k^:3j-s1,^'
y	 ,
1. Report No. 2. Government Accussion No, 3. Recipient's Catalog No.
CR-159575
A. Title and Subtitle ACOUSTIC AND AERODYNAMIC PERFORMANCE 5. Report Date
INVESTIGATION OF INVERTED VELOCITY PROFILE CO- May 1979
fi. Performing Organization CodeANNULUAR PLUG NOZZLES -- COMPREHENSIVE DATA RE—
PORT -- VOLUME 11
7. Author(s) B. Performing organization Report No.
P. R. Knott, J. T. Blozy, and P. S. Staid R7 kEG166
10: Work Unit No.
9. Perfoi ^ning Organization Name and Address
General Electric Company
11. Contract or Grant No.Aircraft Engine Group NAS3-19777Cincinnati, Ohio 45215 13. Type of Repoli and Period Covered
Contractor Report12. Sponsoring Agency Name and AddressNations! Aeronautics and Space Administration
P7Sponsoring Agency CodeWashington, D. C.	 20546
15. Supplementary Notes
Final report. Project. Manager, Orlando A. Gutierrez, V/STOL and Noise Division, NASA
Lewis Research Center, Cleveland, Ohio 44135.
16. Abstract
This Comprehensive Data Report, comprising three volumes, includes the basic test description
and test results which are analyzed and documented in the comparison Final Reports, NASA
CR.-3149 and CR-2990.	 Volume I contains a description of the acoustic configurations, test facil-
ities, data reduction techniques, test conditions, and detailed test results from the hot, static
acoustic tests at the General Electric Anechoic Chamber. 	 Volume II presents acoustic data com-
parisons in graphical form. 	 Volume III contains the detailed aerodynamic test results plus the
"'concept screening and model design report.''
17.	 Key Words (Suggested by Authorls)) 1B. Distribution Statement
Supersonic jet noise; Noise suppression; Co- Unclassified - unlimited
annular plug nozzles; Inverted velocity profiile STAR Category 71
Variable-cycle engine; Acoustic tests; Aero-
dynamic performance tests
19. Security Claesif. (of this report) 20. Security Classic. {of this page) 21, No, of Pages
	
22. price'
Unclassified Unclassified 523
For sale by the National Technical Information Service, Springfield, Virginia 22161 ! ^^^
k
fTABLE OF CONTENTS
Section
	
	 Page
VOLUME I
se
	
1.0	 INTRODUCTION
	
2,0	 DEFINITION OF ACOUSTIC CONFIGURATIONS
	
3.0	 ACOUSTIC TEST FACILITY AND DATA REDUCTION TECHNIQUES
3.1 The Acoustic Arena
3.2 Acoustic Data Systems
3.3 Aere Data Systems
3.4 Analysis of Variance Overa-11 Precision of the
Acoustic Meas-urements
3.5 Certification.	 39
	
4.0	 ACOUSTIC TEST POINT DEFINITION 	 42
	
5.0	 ACOUSTIC DATA-SCALING AND NORMALIZATION 	 58
	
6.0	 DETAILED TABLES OF ACOUSTIC TEST RESULTS 	 60
6.1 Coannular Configuration I	 64
6.2 Coannular Config-4-ration 2 	 161.
6.9 Coannular Configuration 3	 221
6•.4 Coannular Configuration 4	 331
6.5 Coannular Configuration 5	 389
6.6 Coannular Configuration 6	 449
6.7 Coannular Configuration 7	 517
6.8 Conical Nozzle 	 691
VOLUME 11
	
7.0	 ACOUSTIC DATA COMPARATIVE PLOTS 	 715
7.1 Introduction 	 715
7.2 Comparisons of Anechoi.c Chamber and Outdoor Test 	 716
Site (JENOTS) Data
7.3 Comparison of Data for TVP Nozzles with Low Amounts	 786
i s
	 of Inner Flow
7.3.1 Zero Inner Flow Study	 786
808
iv
w	
-Otl.
TABLE OF CON=-NTS (Concluded:)
Section pie
7.4	 Comparisons of Data for IVP Nozzles with-High Amounts 879
of Inner Flow
7.4.1	 Effect of Outer iadius Ratio 879
7.4.2
	 Effect of Inner Radius Ratio 942
7.4.3	 Effect of Plug Geometry 1048
7.4.4	 Effect of Velocity Ratio 1112
7.4.5	 Effect of Inner Pressure Ratio at Constant 1155
Velocity Ratio
7.4.6	 Ef-fect of Velocity Ratio at Constant Inner 1177
Pressure Ratio
7.4.7
	 Velocity Dependence Study, 1213
7.4.8	 Temperature Dependence Study 1224
VOLUME III
8.0 INTRODUCTION TO AERODYNAMIC PERFORMANCE DATA 1237
9.0 AERODYNAMIC FACILITY DESCRIPTION 1238
1.0.0 AERODYNAMIC DATA REDUCTION PROCEDURES 1242
11.0 AERODYNAMIC MODEL DESCRIPTION 1251
12.0 AERODYNAMIC TEST MATRIX 1263
13.0 AERODYNAMIC DATA TABULATION 1299
14.0 STATIC PRESSURE PLOTS 1346
15.0 CONCEPT SCREENING AND MODEL DESIGN REPORT 1459
f
_.y	 7.1 INTRODUCTION
In the following sections data plots are presented which examine the
noise characteristics of the coannular nozzle. The effect of changes in both
the nozzle flow parameters (i.e.., velocity, temperature, pressure ratio) and
-	 the coannular nozzle geometry are presented. All data are normalized except
for PWL spectra and the first 10 points, which are comparisons with JENOTS data.
Unless otherwise specified, the following plots are presented for each
study.
For full size (513 in. 2 ) at the 2400-ft sideline:
1. PM directivity, normalizedi
+	 For model size (29.399 in. 2 ) at the 40-ft are:
1. OASPL directivity, normalized
2. 1/3-:octave band PWL spectra, unnormalized
{	 3. 113'-octave band SPL spectra at angles of 501 , 901 , 1300 , and 1404 so
the inlet, normalized
'-	 The following normalization factors have been used in the plots:
1. PNL - 10 LOG (FT/FREF)
there:
PNL	 perceived noise level
' FT	 total ideal thrust
FREF	 reference ideal thrust JREF = 5130 lbf)
2. OASPL - A
where:
A - 10 LOG (AT02) + 10 10G (FT/ (AT*F 	 F } )
OASPL	 overall sound pressure level
` AT	 total area
R	 distance
FT	 total ideal thrust
i FRE.P	 reference thrust/reference area REP	 10 MAW)
3. SPL - 10 I,OG (SQ) - 10 L0G (FT/ (A*FgE.g) )
C where:
f SPL	 sound pressure level
A	 total area
g . , R	 distance
FT	 total ideal thrust
F.RE.F	 reference thrust/reference area QpEp = 10 WNW)
715
ter.
y	 w
4
Only a presentation of the data is made in this report. Data analysis is
addressed in the main-final report. On each plot the measured flow conditions
are shown for all data points in the comparison,
7.2 COMPARISON OF ANECHOIC CHAMBER AND OUTDOOR TEST SITE . (JENOTS) DATA
E
The purpose of this data analysis group is to compare data measured
previously in the General 'Electric outdoor acoustic test site (JENOTS) with
the acoustic measurements in the General Electric Anechoic Jet Noise Facility 	 4
(Cell 41). Ten test points were chosen for this comparison. For these points
the full-size comparison was made at 1812 in.. 2 and both full-size and model-
size data were not. normalized since the test model was exactly the same in
size and geometry. The JENOTS data was previously reported in NASA CR-1.35239.
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7.3 COMPARTSON OF DATA FOR IVP NOZZLES WITH LOW AMOUNTS OF INNER FLOW
7.3.1 Zero Inner Flow Study
For configurations 1, 3, 3, and 6, acoustic measurements were made with
no inner flow. For configurations l and 3 the outer radius ratio was 0.902
while for configurations 5 and 6, it was 0.853 and 0.926, respectively.
The effect of the outer radius ratio on noise levels with zero inner flow is
demonstrated in the following plots.
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7.3.2 Low Inner Flow StudN'
The effect of low inner flows was investigated for configurations 1 and
3. Configurations 1 and 3 both have a 0,902 outer radius ratio,hut
configuration 1 has a 0.673 inner radius ratio compared to a 0.902 inner
radius ratio for configuration 3. Low flow testing was initially performed
on configuration 1 at weight flow ratios (W i /LYo ) of 0,02, 0.04, and 0.06.
It was found that there was no significant noise suppression relative to the
zero inner flow case so higher inner flow rates were tested. Noise suppression
was seen at higher flow rates so that for configuration 3 the tests were
performed primarily at weight flow ratios of 0.06, 0,09, and 0,12.
The following graphs are based on a variation of W'/W o (sometimes ex-
pressed as W8/W28 ) whereas the Tables b and 7 in Volume I used W l/WT and WONT
parameters.
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7.4 COMPARISONS OF DATA FOR IVP NOZZLES WITH HIGH AMOUNTS
OF INNER FL0W
The purpose of this test series was to examine the noise suppression
charscteristics of connnular nozzle configurations with high inner flows.
Datn presentations are described in the following sections.
7.4.1 Effect of Outer Radius Ratio
In this section, the test results from Configurations 2, 5, and 6 are
compared. All three configurations have the same inner radius ratio (0.8)
and plug geometry, but the outer radius ratio varies from 0.853 to 0.926.
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7.4.2 Effect of Inner Radius patio
Configurations 2 and 3 have the same outer radius ratio (0.902) but
different inner radius ratios, 0.800 and 0.902, respectively. The acoustic
results are compared in this section. Configurations 5 and 7 are also
compared. These two configurations have a 0.853 outer radius ratio and
inner radius ratios of 0.800 and 0.902, respectively.
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7.4.3 Effect of Plug Geometr
The effect of plug geometry is examined in this section, Configurations
2 and 4 have the same inner and outer radius ratios but different plug
geometries. Configuration 2 has a smooth plug contour while Configuration 4
has a somewhat flat plug crown.
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7.4.4. Effect of Velocity Ratio
For Configurations 2 through 7, test points were ri,n with the outer
stream aerodynamic parameters held constant while the inner stream velocity
was varied to determine the effect of velocity ratio. The results are shown
in this section.
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7.4.5 Effect of inner Pressure Ratio at Constant Velocity Ratio
For Configuration 7, a test series was run in which the velocity ratio was
held constant at different levels and the inner pressure ratio was varied. The
results are shown in this section.
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7.4.6 Effect of Velocity Ratio at Constant Inner Pressure Ratio
This section presents comparisons showing the influence of velocity
ratio for a series of tests for Configuration 7 where the inner pressure
ratio was held constant at different levels.
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7.4.7 Velocity Dependence Study
For Configuration 7, a series of tests was run to examine the velocity
	 N
dependence of a high inner flow annular nozzle. Seven test points were taken
at constant inner flow conditions and constant outer stream static tempera-
ture. The outer stream velocity was varied from point to point. The results
are presented in this section.
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7.4.8 Tem erature Dependence Study
For Configuration 7, another series of tests was run to examine the
temperature dependence of a high inner flow annular nozzle. For this study,
the inner stream conditions were held constant, while the outer stream ve-
locity was held constant and the static temperature of the outer stream was
varied. The results are presented in this section.
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